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SIJMMARY
The purpose of this study Íras to develop and evaluate polymers
capab.le of foming an adhesive bond to etched dental enamel.
Sevetal important êental applications require adtresion to eÍramêl
e.g. the seal- ing of pits and f issures against cariesr theattach-
ment of orthodontic brackets directly Ëo tooEh surfaces and Eate-
r iaLs for restorat, ive purp,oses.
This investigation was focussed primarily on a nerÍ material
suitable as a f issure seaLant. Ïhe material should f irst ly Provide
an effect ive barr ier against caries invasion and secondly have
sufficient adhesion to the underlaying enanel- Ihe adhesive
strength. between en€rmel and polymer is considered to be an impor-
tant point for seaLant appl icat ion as a pubLic heaLth measure
(I{orld IleaLth Organization, 0n the etiology and prevenÊion of den-
t a l  c a r i e s  p .  1 6  ( 1 9 7 2 )  ) .
The adhesive strength of polymers t.o the enanel substrate was
therefore an important parÉrmeter in this investigation.
The monomer systeDs employed consisted of three comPonents: mix-
tures of esters of methacryLíc acíd,, methacryTíc acíd and adducts
of gLycídylmethacrylate and a p-substituted phenol, respectívely.
fte experiments on the monomer systems mentioned above can be
&ided in five parts!
l. A study on the influence of chemical c,omposition on adhe-
sion between polymerized material and etched enamel.
2. À search for initiator systems suitable tor polymerization
unèet oral conditions.









4.  Deter rn ina t ion  o f  the  in f luence o f  the  subs t ra te  (enamel )
on polyneri zati-ot propert ies.
5. In-vivo experiments on promising monomer systems.
In  the  f i rs t  par t  o f  th is  thes is  (Chapter  I  )  the  a im o f  the
inves t iga t ion  is  descr ibed.  In  the  fo l low ing  chapter  the  h is to ry
o f  po lymers  fo r  denta l  app l i ca t ions  -  w i th  spec ia l  emphas is  to
po l1 ' rners  adher ing  to  denta l  t i ssues  -  i s  g iven .  In  Chapter  3  some
re levant  p roper t ies  o f  the  subs t ra te  (hunran enamel )  a re  b r ie f l y
in t roduced.
As  func t iona l  g roups  present  in  po lymer  molecu les  in f luence adhe-
s ion  to  denta l  enamel ,  in  Chapter  4  spec ia l  a t ten t ion  has  been
g iven to  adhes ion  promot ing  func t iona l  g roups  s tud ied  in  the  l i te -
ra tu re  as  we l l  as  dur ing  th is  work .  In  the  fo l low ing  par t  (Chapter
5) ,  the  adhes ive  bond ing  o f  fas t  se t t ing  sys tems cons is t ing  o f
th ree  d i f fe ren t  monomer  types  to  e tched enamel  i s  p resenÈed.
In  Chapter  6 ,  the  resu l ts  on  var ious  adducts  o f  g lyc idy lmetha-
c ry la te  and p-subs t i tu ted  pheno ls  a re  compared.  0n  the  bas is  o f
these exper iments ,  the  adduct  o f  g lyc idy lmethacry la te  and p- te r t . -
bu ty lpheno l  (hencefor th  ca l led  t r the  adduct " )  was  se lec ted  as  the
most  su i tab le  adduct .
Subsequent ly ,  a  s tudy  on  the  in f luence o f  es te rs  o f  metha-
c ry l i c  ac id  on  adhes ion  was per fo rmed,  combin ing  the  es ters  w i th
decreas ing  amounts  o f  adduc t  and l0  wtZ  o f  methacry l i c  ac id .
Us ing  50  wtZ  o f  adduc t  the  fo l low ing  resu l ts  were  ob ta ined:
Compared to  the  methy l  es te r ,  ne iÈher  h igher  a1ky l  es te rs  nor  the
add i t ion  o f  c ross- l ink ing  agents  improved adhes ion .
The add i t ion  o f  es te rs  conta in ing  pyrany l -  o r  fu r fu ry l  subs t i tuents ,
on  the  o ther  hand,  gave prour is ing  resu l ts ;
At lower adduct concentrat ions i t  was found that the adhesion value
and the  po lyner iza t ion  speed increased cons iderab ly  i f  m ix tu res  o f
fu r fu ry l -  o r  pyrany l  es te rs  combined w i th  f lex ib le  c ross- l r 'nL ino
agents  o f  the  po lye thy leneg lyco l  type  erere  employed.
ïhe highest average bondstrength to enpmel (about 160 kg/cm2) was
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reached using a mixture of the adduct (30 wtz), tetrahydrofurfuryl-
methacrylate (30 wtZ) , diethylenegl_ycoldimerhacrylare (30 wtZ) and
methacry l i c  ac id  (10  wrZ) .
Furtherrore, to. study the inf luence of the substi tuent of the
vinyl group, acryl-ates were incorporated. In al_l cases, the re-
I  qn,  l  l -  u lI  l , l  |  |  |placement of lCIt, = C - lty lCH" = C-l did nor inprove rhe adhe-L Z J L Z J
sive propert ies to enanel; nor did the replacement of methacryl ic
ac id  by  acry l i c  ac id  o r  v iny lace t ic  ac id .
Chapter 6 contains final1_y deEail_s on the synthesis and phy-
sical ptopert ies of the adduct. These physicaL propert ies are as
far as possible compared to the Bowen trimer.
ïhe invesÈigations on suitable init iator systems showed that
polymerízation t ines practical for operating room condit ions
could easi ly be obtained when combinations of lenzoylperoxide and
N,N-dimethyL-p-toluidine were used (Chapter 7).
In Chapter 8 the influence of hydroxyapatite -the main component
of dental enanel- on the final degree of conversion of monomer
into pol-ymer was studied. I t  qras found that in case of fast poly-
merizing monomer systems (not containing MMA) hydroxyapatite did
not measurably' inf luence the f inal degree of conversion. ïhe
anine induced polynerization of IO{A, on the other hand, was shown
to be considerably affected by the presence of hydroxyapati te.
Ihis is probably due to adsorpÈion of N,N-dimeÈhy1-p-toluidine at
the hydroxyapati te surface.
Prior to in-vivo tr ials, Èhe mechanical propert ies of two
pollmer systems (henceforth called Resin I and Resin II) were
measured (Chapter 9). The poLyner systems mentioned eonsisted of:
Resin I :  adduct (50 wtZ), ÈetrahydropyraoyLacrylate (20 wtfu,
MMA (20 wtZ) and methacryl ic acid (10 wtZ).
Resin II : adduct (30 wtZ), tet.rahydrofurfurylmerhacrylate
(30 wtZ), diethyleneglycoLdinerhacrylare (30 wtZ)
and methacryl ic acid (10 wtZ).
Stress-strain measuremenÈs in tension of the resins mentioned
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shoraed tha t  Res in  r r  was  cons iderab ly  more  res is tan t  aga ins t
de format ion  and ( fa t ígue)  f rac tu re  than Resín  I .
rn  the  las t  par t  o f  th is  s tudy ,  in -v ivo  resu l ts  a re  p resented  on
the  t rvo  res in  sys tems ment ioned above.
The experiments on Resin I were sornewhat disappoint ing. Of the
or ig ina l  79  sea led  f i rs t  mo lars ,  there  was some mater ia l  l -e f t  in
462 o f  the  f i ssures  a f te r  two months ,  whereas  a f te r  s ix  months
there  was no  v is ib le  reÈent ion  o f  sea lan t  mater ia l .
The exper iments  on  Res in  I I ,  on  the  o ther  hand,  gave promis ing
results both in the case study on 2 patients and in the in-vivo
tes t  on  54  f i rs t  mo lars .  rn  the  case s tudy  the  sea lan t  r^ ras  presenË
in  a l l  f i ssures  (e igh t  tee th)  a f te r  seven months .  A  s imi la r  resu l t ,
932 re ten t ion  a f te r  s ix  months ,  has  been found fo r  54  molars  s tud-
ied  dur ing  the  in -v ivo  tes t .
Surrnarizing, the results of both laboratory and in-vivo ex-
per iments  show tha t  sea lan t  sys tems based on  the  adduct  o f  g lyc i -
dy lmethacry la te  and p- te r t .bu ty lpheno l  a re  very  su i tab le  fo r  the
prevent ion  o f  p i t  and f i ssure  car ies .  The sys tems ment ioned have
the advantage of a high adhesive strength value (which is about
ha l f  the  tens i le  s t rength  o f  enamel )  combined w i th  very  good
penet ra t ion  and po lymer iza t ion  proper t ies .
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